The ordering process from short range order to long range order in a Cu-25.7 at%Pt alloy was studied by electron diffraction and dark field microscopy. The alloy as quenched from 923 K was found to give typical diffuse scatterings in the diffraction pattern, indicating that the alloy is short range ordered. When the as-quenched alloy is annealed at 693 K, 793 K or 823 K, the short range order develops at the early stage to a microdomain structure where numerous ordered particles about a few nanometers in diameter are embedded in a disordered matrix. The ordered particles have a long range correlation of antiphase with one another. By further annealing at 693 K or 793 K, the particles grow up to large domains of Ll2 or Ll2-s, respectively, while at 823 K the alloy has an equilibrium state of a mixture of (Al+Ll2-s). The ordering processes observed can be described in general in terms of "evolution of ordering wave". When the ordering wave increases both of its amplitude and wavelength with annealing, Ll2 develops. If the wave increases its amplitude, but maintains its wavelength, Ll2-s, is formed.
Cu-Pt alloys with 20-25 at%Pt are known to have two types of ordered structures, L12 and Ll2-s, where the latter is a long period antiphase superstructure (LPAS) derived from Ll2 by inserting periodic antiphase boundaries (APB's). The region for stable states of these order structures was studied by several workers(1)- (4) . The stability of Ll2-s, type structure is attributed to the energy-reduction of conduction electrons, or Sato and Toth's theorem (5) . It is also reported that the alloy quenched from a high temperature has a short range order (SRO). Ohshima and Watanabe(6) measured the diffuse electron scatterings and interpreted their results in terms of the Fermi-surface imaging (7) . As the Fermi surface imaging theory and Sato and Toth's theorem are based on almost the same concept, SRO and LPAS are stabilized essentially by the same mechanism, and there should be, therefore, a certain similarity in structure between SRO and LPAS. It is quite interesting to investigate how such a mutual similarity influences the process of transformation from SRO to Ll2-s.In this work, the changes in microstructure associated with a transformation from .SRO to Ll2-s as well as from SRO to Ll2 were observed in detail by means of electron microscopy. Especially we were interested in the difference in process between the two transformations to Ll2-s and Ll2.
The alloy ingot used in this work was made from pure metals of Cu and Pt by electron beam melting. (8) after converting their values in kX into nm unit, the alloy composition of the present alloy was estimated to be 25.7 at%Pt.
1. As quenched Figure 1 shows a typical electron diffraction pattern with [001] incidence for the as-quenched specimen. Besides the fundamental lattice reflections, one can see distinctly diffuse scatterings split around hkl=100, 110 and their equivalent positions. The diffuse scatterings are due obviously to SRO in the alloy. The separation of the split maxima is measured to be about 0.09 in the unit of the distance between hkl=000 and 220. The value is in a good agreement with the results reported by Ohshima et al. (6) In a diffraction pattern with [011] incidence, quite weak scatterings were observed additionally at hkl=1/2,1/2,1/2,as previously pointed out by Ohshima et al. (6) However, these were found to disappear after a short annealing at low temperatures, so that they were thought to be little related to the transformation to Ll2 or L12-s under consideration. Figure 2 shows a series of dark field (DF) images taken with scatterings around hkl=110. Partial diffraction patterns around 110 are also shown in insets. The diffuse scatterings due to SRO are seen to be intensified and the separation of the splitting decreases gradually with annealing time. It should be noted that in the midist of annealing no intensity maximum appears at the exact position of hkl=110, but the split maxima merge in one another to become a single spot which corresponds to a superlattice reflection from L12.
693 K annealing
In the photograph of the specimen annealed for 36ks, numerious fine par&cles 1-2nm in diameter are recognized, as shown in Fig. 2(a) . Such a structure is called a microdomain structure. The particles grow up to be 3-5nm after annealing for 72ks and 4-6nm after 860ks. The optical transform of the images of Fig.  2 (a) or (b) did not give any diffraction spots, indicating that the particles were arranged randomly. In the alloy annealed for 5.2Ms ( appearance is due to the fact that the microstructure projected along the incident electron beam is imaged on the micrograph. According to our X-ray measurement(10), the value of lattice parameters evaluated from the fundamental lattice reflections and that from the superlattice reflections are different from each other by about a half the magnitude initially observed even after annealing for 3 Ms or more. The difference demonstrates clearly that there remains a disorder matrix in the alloy specimen. However, if the alloy is annealed for a much longer period, it might have a state of a single phase of Ll2. The result of the X-ray study will be reported separately (10) . In this connection, Mitsui et al. (11) reported that it takes about 1 Ms for a Cu-23 at%Pt alloy to attain its saturated order-state. Figure 3 shows a series of DF images of the as quenched specimen annealed at 793 K.After 7.2ks the diffuse scatterings due to SRO are intensified associated with no intensity maximum at hkl=110, and a number of ordered particles about 2nm in diameter appear in the DF image, as shown in Fig. 3(a) . The microstructure resembles closely that in Fig. 2(a) . After 18ks, however, an additional intensity maximum appears at the position of hkl=110, and subsequently the diffuse scatterings become sharper to be split spots which are characteristic of Ll2-s. In Fig. 3(b) of the specimen annealed for 18ks, one can recognize domains 8-12nm in diameter and a set of parallel APB's within the domains. The domains are identified with Ll2-s, as the boundaries are formed almost periodically along <100>. A photograph of another specimen annealed for 18ks is shown in Fig. 3(c) , where well developed domains are observed. The difference in microstructure might be due to a slight difference in the heattreatment, such as a quenching rate, between the two specimens. Figure 3 (e) shows that the alloy annealed for 90ks is almost filled up with domains of Ll2-S. It was confirmed by the Xray experiment(10) that the disordered matrix disappeared almost completely after annealing for about 200ks. Figure 4 shows a series of DF images of the specimen annealed at 823K. For the specimen annealed for 18ks (Fig. 4(a) ), the distribution of diffuse scattering intensity and the appearance of fine particles in the DF image are very similar to those at the early stage of 693K or 793K annealing. The subsequent change in diffraction pattern is almost the same as that at 793K, but that in micro-structure is different. After 36ks (Fig. 4(b) ) some ordered particles are seen to grow preferentially. In Fig. 4(c Fig. 4 (f) that there remains a disordered matrix with a certain fraction. This demonstrates that the equilibrium state at 823 K is of a mixture of (Al +Ll2-s), where Al denotes a disordered fcc phase.
793K annealing

823K annealing
In the disordered matrix, the domains of Ll2-s have a shape of disc, the planes of which are parallel to the periodic APB in each domain. Such a crystallographical shape can be interpreted in terms of strain effect with the disordered matrix as follows. The volume of the unit cell of Cu-Pt is known to decrease on ordering to Ll2(4), and the lattice of Ll2-s is con- tracted along the long period (LP) direction(1). Thus the difference in lattice dimension between Ll2-s and Al is large along the LP direction compared with those along the other directions. Therefore, L12-s domains with the LP along x-axis, or x-variant, tend to have wide interfaces normal to x-axis so as to reduce the strain energy. Some parts of domains are seen to have a checker-board like contrast or a double spacing fringe contrast in Figs. 4(c)-(f) , as well as in Figs. 3(e) and (f) . The former contrast is due to overlapping of x-and y-variants and the latter x-(or y-) and z-variants.
From the experimental results mentioned above, it is confirmed that the thermal equilibrium states of Cu-25.7 at%Pt are of Ll2 at 693K, Ll2-s at 793K and (Al+L12-s) at 823K, respectively. The result is consistent with the phase diagram proposed by other investigators (1)(3)(4). At the early stage of annealing, numerous fine particles are formed in a disordered matrix, and no intensity maximum appears at the position of hkl=110 in the diffraction patterns, irrespective of annealing temperature, as shown in Figs. 2(a) , 3(a) and 4(a). In order to clarify the ordered structure within the particles, we observed a high resolution image for the specimen annealed at 693 K for 36ks. The photograph is shown in Fig. 5 , where white dots are arranged regularly in agreement with the positions of Pt columns in Ll2. Since minority atom columns (Pt columns in the present alloy) are expected to be imaged (12)- (14), the image contrast tells us that the particles have a structure of Ll2. On the contrary, Laughlin et al. (15) ascribed similar split scatterings for a short range ordered Cu-Ti alloy to the LPAS derived from Ll0 instead of Ll2, because of the absence of the intensity maxima at hkl=100 or 110. Yamamoto et al. (16) observed directly a short range ordered Ni4Mo alloy by atom probe field ion microscopy, and concluded that the ordered structure is a derivative of Ll0. However, it is not the case with the present. If the domains of Ll2, which are a little faulted, are arranged threedimensionally in a disordered matrix to have antiphase correlation with each other, the diffuse scatterings are split without intensity maxima at hkl=100 and 110 (17) . Actually, as shown in Fig. 2(b) , ordered particles develop up to 3-5nm in diameter, but still there is no intensity maximum at hkl=110.
It seems hard to postulate that the ordered structure within these developed particles is related to Ll0. Tanaka et al. (18) discussed an SRO structure in quenched Cu-Pd alloys with high resolution electron microscope observation and obtained almost the same conclusion as the present.
In order to describe the ordering processes observed, a conception of "ordering wave" is introduced.
The amplitude of the ordering wave corresponds to a local value for the order parameter in the Bragg-Williams' sense. The regions with a positive and a negative amplitude are of antiphase with each other. The expected changes in ordering wave in the alloy on annealing are shown schematically in Fig. 6 , where one-dimensional waves are illustrated for simplicity. In the as-quenched alloy which is short range ordered, the ordering wave fluctuates about zero-value by small amounts. The magnitude of the ordering wave is exaggerated in Fig. 6(a) . The fluctuation seems apparently random, but actually has a loose periodicity of a long wavelength, as indicated by a broken line in Fig. 6(a) . The component of ordering wave is called "antiphase wave". The periodicity of the antiphase wave By a subsequent annealing at 693K, at which the Ll2 phase is stable, the ordering wave develops further associated with an increase in wavelength of the antiphase wave, as shown in Figs. 6(c)-(e) . The increase corresponds to the gradual decrease in spacing of the split scatterings on annealing.
By annealing at 793K, where Ll2-s is stable, the ordering wave also develops, but the antiphase wave maintains its wavelength, as shown in Figs. 6(c')-(e').
Sato and Toth's theory(5) accounts for the stability of the antiphase wave with a particular wavelength. For annealing at 823K, the change in the ordering wave on annealing is almost the same as that for 793K, except that there arne regions of Al in which the amplitude of the ordering wave vanishes, as shown in Fig. 6 (e"). The ordering process in Cu3Pt alloys can be characterized by a continuous evolution of the ordering wave. CuPtt(19)(20), Ni4Mo(21)(22) and Cu-Ti(15), on the other hand, have a different process, because the short range order structure is thought to be different from the long range order structure which is stable in each alloy. It is observed that the spacing of the split scatterings becomes small before sharp split spots appear, as shown in Figs. 3(b) and 4(a) . The apparent decrease indicates as if the antiphase correlation in SRO tends to vanish once, followed by formation of LPAS, against the present modelling process. But this is not the case with this alloy. The apparent decrease can be interpreted as follows: When the particles of y-and z-variants of L12-s have a dimension along x-axis comparable with the half period of antiphase, they may give scatterings near the split scatterings which are due to The ordering process from SRO to ordered states in a Cu-25.7 at%Pt alloy has been studied by electron microscopy. The following results have been obtained:
(1) For 25.7 at°%Pt, the equilibrium states are of Ll2 at 693 K, Ll2-s at 793 K and (Ll2-s+Al) at 823K, respectively.
(2) At the early stage of annealing, numerous particles of Ll2 type order are embedded in the disordered matrix, irrespective of annealing temperature. As the particles are formed by development of SRO, they have a long range correlation of antiphase with one another.
(3) The ordering processes can be described in general in terms of "evolution of ordering wave". When annealed at 693 K, the ordering wave increases both of its amplitude and wavelength, and Ll2 develops. By annealing at 793 K, the ordering wave increases its amplitude but maintains the wavelength, developing Ll2-s type order.
